In addition, it provides a new quantitative indicator of the capability of liposomes to act as drug carriers.
Introduction
Liposomes are the smallest artificial vesicles of spherical shape that can be produced from natural phospholipids and cholesterol. They are very versatile tools in biology, biochemistry and medicine [1, 2, 3, 4, 5] and have attracted attention as potential vehicles for drug delivery to selected cells or tissues in vivo and as carriers of drugs or other bioactive compounds including proteins, hormones and diagnostic agents. [6, 7] Although the interest has been mainly focused on drug delivery, a variety of other applications have been found in cosmetics, cleansing and food technology. [6, 8] Liposomes are simple biomimetic models for cell membranes and provide appropriate microenvironment for the study of photoinduced electron transfer [9] and lipid peroxidation. [10, 11] Adoption of this matrix seems very promising in photodynamic therapy, based on the generation of reactive oxygen species that destroy the tissues or target cells by the use of photosensitizing compounds, which absorb photons and are excited to a triplet state, capable of generating superoxide anion or promoting molecular oxygen to its highly reactive singlet state. This mechanism seems responsible for cell death in tumor tissues or for stimulation of immune responses that cause cell death. Despite the progress made in the study of clinically available photosensitizing agents, there are still several drawbacks limiting their use. For example, their hydrophobic nature limits their efficiency and delivery in the body. To circumvent these problems, alternative formulations are required to enhance solubility and to achieve selective delivery to tumor sites. In this context, liposomes have the ability to encapsulate hydrophobic molecules. Inclusion of photosensitizers within this type of matrix has revealed a good correlation between the physicochemical features of formulations and their photosensitizing efficiency. [12] Moreover, interaction of light with photosensitive liposomes may cause membrane reorganization and offers an appropriate tool for selective drug release in the target site, with a significant impact on the therapeutic index of drugs. Additional applications of this effect can be found in imaging or sensing. [13] The study of molecular mechanisms that result in photo-destabilization of liposome membranes is essential in developing light-activable liposomes for photodynamic therapy with higher opportunities of success in the clinical practice. [14] The combined organic layers were washed with brine (3 x 150 mL) and water (3 x 150 mL), dried over Luzchem miniaturized equipment. In general, solutions were nitrogen-purged for 10 min before acquisition, and the triplet decays were registered at 420 nm. Samples were prepared in PBS, and the absorbance was kept at ca. 0.3. Solutions of CIN and NPX in PBS, treated in the same way as liposomes, were used as reference. All LFP analyses were performed at room temperature using 10 x 10 mm 2 quartz cells with 4 mL capacity and were run in triplicate.
Results and Discussion
Photophysical studies were performed on CIN and NPX entrapped within liposomes, in order to establish how this microenvironment influences the excited state dynamics of the drugs.
Entrapment of drugs within liposomes. Large unilamellar liposomes (LUV) have been reported since
1965 as membrane biomimetics. [37, 38] In this work, optimization of the classical TLE method was carried out in an attempt to increase the encapsulation efficiency (EE) and to obtain liposomes with homogeneous size. Thus, the EE were ca. 40 % in all cases. Moreover, this parameter appeared to be very sensitive to the storage of liposomes. In fact, whereas the preparations were stable at 4° C for at least 3 days, maintenance at room temperature caused a progressive decrease of EE, which dropped to 15 % after 2 days, with an important transfer of free drug from liposomes to the PBS solution.
The obtained solutions were characterized using DLS, TEM and CryoSEM microscopy ( Figure 1 ). in general, the expected spheroidal shape was observed. Uniform and compact bilayers, a typical mark of unilamellar liposomes, were clearly identified; smaller liposomes were rarely observed ( Figure 1A ).
In some cases, small inclusions on the surface were found, probably lipids from disrupted liposomes during analysis, in contact with the same surface. 
Photophysics of drugs within liposomes.
The emission spectra of CIN and NPX in homogeneous medium and incorporated within liposomes were recorded at room temperature, using 290 nm and 330 nm as the excitation wavelengths, respectively (see Figure 2 ). This selection was done in order to promote the chromophores to their lowest-lying singlet excited states, which usually results in enhanced selectivity and emission efficiency. This way, the bulk concentrations needed to obtain absorbance of ca.
0.1 are in the order of 10 -5 M. Solutions of CIN and NPX outside and inside liposomes showed the same spectra, displaying their corresponding maxima at 320 and 355 nm. The lack of a significant bathochromic or hypsochromic shift associated with encapsulation indicates that emission from these photoactive units is not particularly sensitive to the hydrophobic medium provided by the liposomes.
The shape and position of the main bands of excitation spectra were essentially coincident with those of the absorption spectra. This confirms that emission takes place from the locally excited singlet and does not involve impurities, ground-state complexes or aggregates. From the intersection between normalized excitation and emission traces, singlet energies (E s ) were obtained for all systems (Table 1) . The values indicate little perturbation if any of the relevant molecular orbital levels. Accordingly, the fluorescence quantum yields inside liposomes for CIN (φ f = 0.11) and NPX (φ f = 0.40) were also similar to the values obtained for the free drugs. In order to detect a possible dynamic quenching, time resolved fluorescence studies were carried out. In general, this type of quenching is detected through a faster decay and reveals a higher reactivity. This was not the case under the experimental conditions, as similar lifetimes were determined for the singlet excited state outside and inside liposomes.
Table 1.
The rate constant of singlet excited state quenching by oxygen in PBS was also determined using The transient absorption spectra of CIN and NPX in solution exhibited the typical naphthalene-like triplet−triplet absorption band [28] in the 420-450 nm region that remained unchanged upon encapsulation inside liposome ( Figure 3 ). However, it is worth mentioning that the spectra of Figure 3 show the absence of naphthalene-like radical cations, which appear in PBS solution in the longwavelength edge of the selected window, especially in the case of NPX. This is consistent with the hydrophobic nature of the intraliposome region, which prevents photoionization.
Interestingly, enhancements of the triplet lifetimes (beyond 40 µs) were observed for encapsulated drugs, revealing the sensitivity of this excited state to the experienced microenvironment (see Figure 3 and Table 1 ). In this context, the liposomes can be considered as microheterogeneous systems, an expression commonly used for homogeneous media at the macroscopic level (looking like clear and transparent preparations), where distinct microscopic compartments are defined with different physicochemical properties (hydrophobicity, polarity, viscosity, refraction index, etc.), which results in a significant degree of anisotropy. Further examples of microheterogeneous systems are cyclodextrins, [40] micelles, [19, 41] 
